We have isolated a chick cDNA for p63, a member of the p53 transcription factor family. This cDNA encodes a protein of 582 amino acids for an a isoform in the C-terminal region, while lacking the N-terminal transactivation domain. The chick p63 gene is ®rst expressed in the prospective cutaneous ectoderm at stage 6 and later in the developing epithelia. The p63 expression is intense in specialized epithelial structures, such as apical ectodermal ridge of the limb bud, epithelia of branchial arches and feather buds. Furthermore, we have found that the transcripts are detected in the interdigital epithelium, intersomite epithelium, and epaxial dermamyotome. q
Results
The p63 gene, a homolog of the prototypic tumor suppressor gene p53, is abundantly expressed in proliferating basal cells of epithelial layers in the human epidermis (Yang et al., 1998; and references therein) . Since p63-de®-cient mice exhibit severe limb truncations and lack all squamous epithelia and their derivatives, p63 is required for development of the limb and epithelial structures Mills et al., 1999) . Subsequent analysis of the human p63 gene revealed its heterozygous mutations in patients with EEC (ectrodactyly, ectodermal dysplasia, cleft lip) syndrome and with split-hand/split-foot malformation (Celli et al., 1999; Ianakiev et al., 2000) . The mutant p63 proteins in these syndromes are thought to exert a dominant-negative or a gain-of function effect. However, little is known about the spatiotemporal expression pattern of p63 during vertebrate development, that is crucial to understand the pathogenesis for such developmental defects caused by p63 mutations. As a ®rst step to elucidate the pathophysiological roles for p63 mutant proteins in a vertebrate model organism, we have isolated a chick p63 gene and examined its expression pro®le in chick embryos.
The predicted full length chick p63 protein contains 582 amino acid residues and shares 95% amino-acid identity with mammalian DNp63a isoform, in which the N-terminal transactivation domain is lacking and the C-terminal region is longer than the other isoforms, b and g (Fig. 1) (Yang et al., 1998) . In humans, DNp63a proved to be a suppressor of transactivation by p53 and a transactivating form of p63, TAp63g (Yang et al., 1998) . Therefore, the chick DNp63a could also act in conjugation with members of the p53 family during avian development.
The chick p63 mRNA was not detected on embryos younger than stage 5 ( Fig. 2A) . By stage 6, the expression of p63 was observed in the prospective cutaneous ectoderm (Fig. 2B) (Carlson, 1996) . By stage 8, p63 was expressed in the ectoderm abutting the posterior neural plate and caudal three somites (Fig. 2C ). Cross-sections of the hybridized embryo veri®ed the expression con®ned to the ectoderm (Fig. 2F,G) . At stage 11, the transcripts were clearly detected in the domain abutting the somites and in the prospective cutaneous region, covering the paraxial mesoderm and lateral plate mesoderm (Fig. 2D ). At stage 13/14, the expression of p63 was observed in the intersomite region and in the ectoderm overlying the lateral plate mesoderm (Fig. 2E ). During the time for limb bud initiation, p63 was expressed in the ectoderm of the prospective limb region as well as of the interlimb region (Fig. 2E,H) . As the limb bud developed, the ectodermal expression of p63 in the limb bud became intense in the apical ectodermal ridge (AER) (Figs. 2I, L and 3C) . Intense signals were also found in the ectoderm at the boundary of the body and limb bud where the epithelium is thickened inward (Figs. 2H,I ,K and 3C). The p63 expression was also observed in the epithelia of the maxillary process and branchial arches, and beneath the nasal pit (Fig. 3A±C) . Another distinct expression domain of p63 is the epaxial dermamyotome (Figs. 2H,J and 3C). Interestingly, at embryonic day 7 (E7), the p63 expression is marked in the interdigital epithelium overlying the mesenchyme where programmed cell death occurs during digit formation (Carlson, 1996) (Fig. 3D±F ).
Because p63 is involved in the formation of hair follicles as deduced from lack of hairs in the p63-de®cient mice (Mills et al., 1999; Yang et al., 1999) , we examined the p63 expression in the chick counterpart, feather bud. In the feather tracts that cover the back and neck, the ®rst tracts appear in a single row at the midline. A secondary row of feather tracts then arises on either side of the primary row (Carlson, 1996) . Around E7, transcripts of p63 were observed in the early feather buds (Fig. 4B,C) . Higher magni®cation of the thigh region revealed that p63 was expressed in the future feather-forming ectoderm (Fig.  4D) , and then its expression was downregulated in the feath- Fig. 1 . Sequence comparison of chick, mouse (accession number AF075439), and human (AF075431) DNp63a. Identical amino acid residues among these three proteins are indicated by asterisks. Gaps required for optimal alignment are represented by hyphens. The DNA binding and isomerization domains are underlined and double-underlined, respectively. erless area, apteria (Fig. 4E,F) . Sections of the hybridized embryo showed that the expression was concentrated in the placode (Fig. 4G) . The expression domain of p63 in the feather placodes is wider than those of Shh and Fgf10, which are expressed in the epithelial and mesenchymal components, respectively ( Fig. 4H,I ; not shown) (Jung et al., 1998) . At E12, p63 was expressed in barb plates of feather ®laments (Fig. 4J) . The signals were also detected in the leg autopod region where the future scale ridges emerge (Fig. 4K ).
Methods

Isolation of a chick p63 cDNA
The p63 partial cDNA was isolated from chick stage 21 embryonic cDNAs by PCR using degenerate primers corresponding to the amino acids, AMPVYK and ICACPG. The coding region of chick DNp63a cDNA was obtained by means of 5 H -and 3 H -RACE. The nucleotide sequence of the chick DNp63a has been submitted to DDBJ/GenBank under the accession number AB045224.
Whole-mount in situ hybridization
The chick D Np63a cDNA (1746 bp) was used for generating riboprobes. Whole-mount in situ hybridization was performed as described (Ohuchi and Noji, 2000) . Selected embryos were sectioned after in situ hybridization. 
